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Q0BJECTIVE

The objective of this project was to compound and test
castable polymers for potential use in the fabrication of
Tightweight, high impact-resistant, low-cost weapon cou-
ponents.

INTRODUCTION

Results of previous evaluations' of castable polymers
indicated that liquid polyether urethanes have potential
for use in certain weapon applications. The major effort
of this earlier investigation involved the castable ure-
thanes in the lower {90 and less) Shore A hardness range.
Late in this previous program, urethanes in the higher
(65 to 85) Shore D hardness range indicated potential use
for several weapon applications such as butt stocks, butt
vads, and artillery handwheels.

For the higher Shore D hardness urethanes to be useful
in the aforementioned applications, a number of factors
required investigation. This investigation included (1) a
determination as to whether the pot 1ife of the resin
hardner mixture was long enough to permit hand casting of
end items without deterioration of physical properties,

(2) an assessment of the best method of compounding to
achieve optimva properties, (3) the determination of the
effect of a wide range of environmental outdoor conditions
on the materials, and (4) an appraisal of the resistance of
the material to various servicing fluids used for lubri-
cating and cleaning weapons, and to nonservicing fluids
with which they might be in contact

Determination was alsc¢ necessary as to whether the
fabrication of specific weapon end rtems was technically
possible on a laboratory scale. Therefore, the MI16A1 butt
stock/buct pad and artillery handwheels were utilized as
test vehicles to further evaluate the liquid urethane ma-
terials.

'Veroeven, W M., “"Castable Elastomers and Plastics for
Weapon System Components,” Research Directorate,
Weapons Laboratory at Rock Island, Technical Report
RE-TR-71-57, August 1971.




In this report, the compounding and the materials
evaiuation are covered, plus the fabrication and the labor-
atory evaluation of weapon end items based on liquid poly-
ether urethane elastomers.

PROCEDURE
1, Laboratory Mixing and Casting of Liquia Polymers
a Mixing (Adiprenes and Vibrathane)

(1) Resin was weighed into a resin kettle (fitted
with a thermometer, vacuum line, and agitator)of sufficient
size to hold the resin and allow for volume expansion during
deaeration.

(2) The resin was heated to 180°F with stirring
under a vacuum of 5mm mercury or less until bubble for-
mation stopped.

(3) The vacuum was broken and the molten curative
added to the hot resin.

(4) Curative and resin were thoroughly hand mixed,
and precautions were taken to minimize air entrapment.

. (5) The mixed resin was cast into the appropriate
moid (test pad or end item), preheated to 212°F, and cured
in an air oven for the times listed 1n Table I,

b. Mixing (Castethane X139-16-1)

The method used was essentially that recommended
by the manufacturer,

(1) Component B at 75-F was weighed into
of sufficient size to allow for volume expansion dy
aeration

a
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(2) The required amount of Component A was added
at 75°F, and the two components were thoroughly mixed.

(3} The mixture was placed under a vacuum of 5mm
of mercury or less until bubble-free

{4} The mixed resin was cast into a moid at 75°F
and cured for 24 hours at 75°F.
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¢. Casting

Standard test pads (0.075 X 6 X 6 inch} were cast
with a commerciaily developed mold, which has a large
reservoir at the top and into which the liquid polymer was
poured and then allowed to flow down to fill the test slab
area. In thiys design, air is forced down ahead of the
liguid polymer and is then vented upward and out through
vent channels on erther side of the mold. This mold de-
sign is being considered as a standard by Subcommittee
D11.24 of ASTM Committee D11 for casting 1iquid urethanes.

2. Testing

Stress-strain properties were determined on specimens
cut by Die C of ASTM Method D412-68 * These specimens were
tested with an Instron TTCM1 tester at a crosshead speed
of 1 inch per minute

Hardness was determined according to ASTM Method D2240-
68.

Changes in properties of elastomeric vulcanizates re-
sulting from immersion in liquids were obtained by ASTM
Method D471-72

Shear strength was measured on cylindrical specimens
0.25 *ach in diameter and 1 inch in length. The steel
fixture usad to hold the shear specimen consisted of an
outer sleeve with outside dimensions of 1 X 1 X 3 inches
and ar inner hoilow core 0.50 inch square running the
Tength nf the sleeve A 0 56-inch square plunger 3 inches
in Yength was fitted snugly into this sleeve. A 0.25 inch
hole was drilled through bc:. the sleeve and the plunger;
the center was located 1.5 wncn2s from either end of the
sleeve and 0 31 inch from one end of the plunger Shear
strength was determined as follows: the holes 1n the
plunger and in the sleeve were alrgned, the specimen was
inserted and the force required to shear this specimen
determined. This force was applied to the plunger at a
rate of 0 05 inch per minute

Stendards, Pary 28, Rubber, Carbon 0lack, Gaskets
ravican Qnrlnf‘\l fnr Toqhnn and Materials
hiladelphia, Pennsylvanla (1972)




Ultraviolet radiation exposures were run in an Atlas
T;pe XW Weather-Ometer in accordance with ASTM Method
D750-68.

Carbon black pigmenting dispersions were mixed by
preparation of equal parts by weight of fine thermal
carbon black (P33) and trioctyl phosphate (TOF). Disper-
sion of the carbon black in the TOF was attained by use of
a Waring blender.

RESULTS AND DISCUSSION

As previously described,' the liquid Adiprene L-315
and LD955 polymers appeared to be excellent materials for
consideration in the fabrication of butt stocks, butt pads,
and artillery handwheels. For these polymers to be useful
in the foregoing component applications, more dctailed in-
formation is required than was available at the time of
the previous report.

Varig¢ns liquid polyether urethane systems were com-
pounded and evaluated for physical properties, mechanical
properties, and environmcntal stability Results are
summarized in Table I.

Almost all liquid urethane materisls 1n the 65 to 85
Shore D hardness range have a pot Tife of less than five
minutes. On a production basis with a casting machine, a
pot 1ife as suort as this might often be destrable  How-
ever, on a laboratory scale for which mechanized casting
equipment is unavailable and on a production basis on which
large parts or parts having complicated detail or geometry
are involved, a longer pot 11fe 1s desirable or necessary

Although pot life is not iisted in Tabie I, increasing
the pot life of the 65 to 85 Shore D liquid polyether ure-
thaies was an objective Glycol curatives were not 1nves-
tigated, even though pot i1ife ¢an be extended by their use,
because these curatives, when used with 1iquid polyether
urethanes often preoduce vulcanizates with reduced pnysical
properties, especia’ly tensile strength Curene L is an
amine curative known to provide 'ncreased pot life.

The Adiprene 1.D955 provides exceilent properties with
either MOCA or Curene L as the curative (Tahle I) Greatly
improved pot life also resulted when Adiprene LD955 was
cured with Cuvene L Vibrathane B804 is a matervial simriar
ta the Adiprenes and also benefits greatly in po! life when
cured with Curene L.

o
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Compound U80-69 1isted in Table I is based on a two-
component system, both components are liquids at room tem-
perature. Because both components are liquid and are
normally mixed at room temperature, processing variables
and complexities associated with the more common solid
amine curatives are eliminated or greatly reduced.

A1l compounds Tisted in Table I exhibited high original
tensile strength, a characteristic of the amine-cured poly-
ether urethanes. Elongation also was fairly high, with the
excepton of the 10 per cent value measured on Compound
U80-69  This low elongation could be a deterrent to the
use of this material in butt stocks, butt pads, and hand-
wheels in which a greater degree of flexibility is desir-
able to prevent breakage during periods of impact, twisting,
bending or torque

Since these materials, if used in butt stocks or hand-
wheels, are likely to be exposed to a variety of outdoor
environmental conditions, many compounds in Table I were
evaluated for resistance to envirunmental deterioration.
Results after 560 hours exposure in a Weather-Ometer show
that carbon black offers a fair degree of protection to
ultraviolet {UV) deterioration when used at 9 5 pphr. The
UV protection of these carben black prgmented compounds is
increased by the addition of 0.75 pphr of Wing Stay T.

Wing Stay T used at this level, however, lowers the original
stress-stvain , roperties. Evaluation at lower levels of
Wing Stay T was not performed, but this would seem desirable
to determine whether sustable UV protection can be obtained
without the drop in originzl properties Compound U80-69
offered excellent resistance to Weather-Ometer aging as
received without further compounding for such protection.

Shear sivength values (Table 1) were used 1n estab-
“ishing the engineering design for artillery handwheels.
Details covering handwheel fabricat'on and testing are con-
tained in a senarafe raport entitled "Development of Poly-
urethane Handwheels for Artillery "

A1l compounds listed in Table [ were evaluated for
resistance to various servicing and nonservicing fluids,
and semifluids with which these compeounds are likely to
come in contact if used in a butt stock cr avilillery hand-
wheel application Change 'n volume and hardness after
exposure to the various fluids was used as measures for
resistance; these results are summarized in Table II. A1l
compounds show good resistance to the test fluids, with
the exceptq'on of gasolinz and insect repellent  However,
total 'mmersion for seven days is considared severe.
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Even if a weapon is subjected to such exposure of gaso]ine
and insect repellent, the bel:ief is that the weapon would
remain serviceable until a suitable replacement part could
be obtained. However, efforts to improve the resistance
of these materials to gasoline and insect repellent should,
be included in any future work.

For further evsluation of liquid urethane materials,
M16A1 butt stotks were fabricated and tested with the use
of current M16AY glass-filled phenol+¢ stock as a control
for comparison purposes Since a one-pilece butt stock -
butt pad combination is more des!rable than the current
separate butt stock - butt pad combination, an RTV silicone
mold was fabricated for the purpose of integral molding.
This basically three-piece mold and the inserts necessary
for the molding of undercuts to mount and latch the trap
door is shown 'n Figure }. With this mold, butt stocks
were fabricated from Compound U80-63, lxsted in Table I.
Test results obtained on these urethane butt stocks and
the current production glass-flied phenolic are summar-
ized in Table III. The results descr'bed »n Table III
are illustrated in Figures 2 through 6.

These data and figures show that the urethane butt
stocks are superior to the current urethane foam-filled
glass-phenolic commercial butt stock The only test that
was destructive to the urethane butt stocks was that of
impacting at -67 F (Figure 3) Only foam-fr1led glass
phenolic commerciai butt stocks are shown ‘n Figures 5 and
6 since no damage was ncurred by the urethane butt stocks
during these tests

|

A comparison of some of the other 1mportant character-
istics of commercral phenolic and expérmental urethane
butt stock is summarized in Table [V Comments listed in
this table are self-explanatory

The op°nron of an established manufacturer of castable
urethane products was obtained as to the feasibility of
molding the MI6Al butt steck - butt pad on a production
scale at a cost competrtive with the present production
version Mass productron s poss ble at a2 cost of approx-
imately five dollars per butt stock The molding of the
butt stock and tihe butt pad as an -ntegral prece, however,
would be prohibrtively expensive due to lhe cost of mold-
ing undercuts into the butt pad port~on to mount the trap
door
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inserts required for molding undercuts

M16A1 butt stock mold with

FIGURE 1

| Bala i 8
=




,»g»fgg;

*doGL+ 3@ Mmolq Burjoedwi qi/33 OF
49140 ¥203s 33ng orjouayd papLy-sseib [yglW *MalAa wo3ljog
*doG/+ 1® MO[Q
Burgoedwl q[/33 0LZ 4934 %201S 33NQG dURYJIAAN |YOLW “M3LA do} 2 3¥n91d

TR G

iy

Fecit
PR
- ek

)

i)

RN B Y AR 14T 0 0 R NE R AE i e ANy B RO gt

5,

e

e
A
e

ES

e e

Xﬂ%

CRpA St R

¥l

FT T N TR

TR NN R L,

& OTTL M ey T




*d-.49- 3® mo|q Burjzoedwi g}1/34 02
4934® %2035 33nqg drjousyd paptly-sse|b |[yoW ‘MaLA wo3jog
"4049- 3e MO|q

Bugyoedwt qL/34 09 4834® ¥203S 31nq auey3ladn [Y9LW ‘MaLA doj
l!l.lm

DU

h ER
'

L B SR 7

€ 340914

[¥]

Ty |



*buipeo} aArLssauadwod jJjo qy
0//g 4334e 3203s 331nq dLjoudyd pajjti-sseib |yglW “MaLA wojjog
*bulpeny
uoLssauduod Jo aqf Opplt 43934 ¥003S 33INnG BueYIDBAN [Y9lW “#3LA doj v 34n9HI4

i [T

13

o e b 5 el o i im0

Eedsooaky o i

ressabid B iEiBiaR.




-buipreo| |euo!sJol JO g| 851 4333e

¥203s 33nq oLjoudyd pajij-sselb [Y9LW ‘MIiA wo3]o0g
55404 Bulpuaq jo q| QL2 4934®

¥903s 33ng dtjousyd paplli-Sseib [yolW ‘mMalA doj

(iRERNALiRREETARS]

IS MAIRASE | BTN

. .ﬂa&ngx@m#.wg/f, %wrg&m@ﬁ% i

S 3¥YN9Id

14




406G+ 3® 33 § wo.y
3s83-dodp a4l U0 4324® 3301S 33ng o} |ousyd patili-sselb |yoiWw © 3I¥NTI4

<L =

P m% ...H&.# SIS .: *éwmﬂ_ﬁuw
PR nm,ﬁ
2 AREHES A RS
.x X ‘s
< gaaﬁ-ﬁ.’ Fhemd Wy SHODAIRNEY & o

15

IRy |



i

4

T L I AT

ME TR T

RN

AR

v
L
x
5
A
V
¥

*fL2ys J4331no otoudsyd
patLti-sselb ayy wouy azaedas
AlLedtueydaw 03 pue 33°40L4333P
03 AJU3pual e sey d.02-Dd3wWeR0S
A1isuap-mo| 3y3 ‘A3LpLuny

ybiy 30 seaue uj -uo0o0d o3 uareyg

*pajoeduy ao padung
‘paysnuaq 34 3astou burbuia
‘MO LOY “pnof sSa3eddauay 4004

*sanosd0 wapqoud

abe|jnowes e sny3 ‘pasodxs aue
s49qly sseyb burinapgaa 3yby
poaURW 40 PIYDIIRLDS UIYM U004

0s¢
NOIL1JNQ0Yd IITONIHM

S UEINEYEPE|

*pajoeduy
40 padung ‘paysnag jt astou
333!l s83eaaudy ‘Jualadxg

‘waqoad abe|jnowed
ou Ss3uasaud pue 3AL3IDI[JDIAUOU
SL @adejuans pasodxa ‘padJew a0

pays3edds JI | |3M Butadaew pue
buLysiedds s3slsay °*Jua|1adx3

GG€
JNVHL3YN TYINIWIY3dX3I

SAJ01S 1in8 INVHLIIW TYVINIWI¥I4X3 SA
NOIL1ONa0Yd I1TON3IHd 30 NOSIYVdWOI W1VC SNO3INVITIISINW

Al 378v1

A31{1qednp [eIUSWUOCJILAUT

Awaud sy 03
A3tpLje3danaadwL ged13snooy

Awaus ay3l
01 AjtirqLidadaqdwr persty

sWeab °‘3ybtLon
JI1STYILIVYVHI




